Height of the trees is not only used to estimate the product available from trees and to determine the productive capacity of the particular land but also used in forest management and research activities. In this research, predictability of total height from diameter at breast height for chir-pine (Pinus roxburghii) by using nonlinear models was examined. Total height and diameter at breast height of 180 trees were measured by using Suunto Clinometer and diameter tape respectively. The measured data were subjected to previously developed robust and strong statistical models, and evaluated by using different test statistics. Among those, H = e (-0.276 .=0.910) and minimum root mean square error (RMSE=1.221) and showed desirable behavior of flexibility and robustness.
Introduction
The relationship between height and diameter of plant is of wide concern to agronomists, foresters and agro-foresters interested in practical and economic problems, to ecologists and ecophysiologists interested in climate and environment, and to evolutionary theorists and ecosystem modelers to construct mathematical representations for general and specific applications (Thornley 1999) . The tree height is commonly used to quantify the product from tree and to identify the productive capacity of the particular site on which the trees are growing (Lama et al. 2012) . Tree height is also required for both forest management and research activities. Diameter at breast height (dbh) and total height are the commonly measured variables in an inventory. Unlike dbh, total height is less frequently used for construction or application of forest models because measurement of dbh is more cost effective, easy and accurate than total height (Sharma 2009) . A prediction of total height from the given diameter might be the reliable option where such models are available. Many studies have presented models for the prediction of the heightdiameter relationship of a stand. Most of these models use a representative sample of trees from the target stand (Curtis 1967 , Arabatzis & Burkhart 1992 , Huang et al. 1992 , Lynch & Murphy 1995 , Fang & Bailey 1998 , Sharma & Portan 2007 , Trincado et al. 2007 , Newton & Amponsah 2007 , Wagle 2007 ).
As only a few forest growth models have been developed in Nepal, the uncertainty of growth and yield estimates is often high. In order to safeguard against depletion of resources, community forests apply conservative estimates of productivity and allowable cut. A possible consequence of this is that forests are underutilized and provide less income to communities than could have been obtained with reliable information about annual increment. Hence, the potential value of preparing growth models to communities is likely to be high (Sapkota & Meilby 2009 ).
Chir pine (P. roxburghii) forest is located in a subtropical region with an altitude varying from 1000 m to 2000 m, and its standing volume is 6.3% of the total forest in the country (DFRS 1999) . The economic contribution of Chir pine forest to national and local level development is valuable; and, therefore, its management is useful. For scientific management, species-specific individual tree or stand level models such as height-diameter models, site index models, growth models, and biomass and volume models need to be developed. Heightdiameter models can be used as a sub-model in the more comprehensive models such as biomass models, growth and yield models or their simulation systems. Modeling works for Chir pine forests in the country include Joshi (1984) , Joshi (1985) , Rauntiainen (1992) , Sharma & Pukkala (1990 ), Sharma 2009 . But, only few of these are height diameter models. This study, therefore, aims at constructing height diameter models using data from middle hills of Nepal. 
Methodology
Data: The data were collected from Galeshwor Thulo Salleri community forest and Banchare Dil community forest of Ghatan Village Development Committee of Myagdi district (Fig 1) (Table 2) were used to fit height-diameter relationship. All these models possess few parameters, mathematically strong and therefore have commonly been used for modeling various tree and stand characteristics. 
Parameter estimation and model evaluation:
The commonly used following two modeling approaches were utilized in this study also. First; fitting the candidate models; second; evaluation of the fitted models. In the first step, candidate models M1-M5 were fitted by regression analysis. The values of regression coefficients were estimated by the method of least square regression. The second step, i.e. the evaluation of the fitted models, was carried out using following criteria. 
Results and Discussion
Parameters of all the models were significant (P<0.05) except the model M2 and M3. Except the model M3, M4 and M5, other models described more than 90% (R 2 adj . >0.90) of height variability (Table 3 ). The models M1, M3, M4 and M5 showed the RMSE less than 2. However, M2 and M3 were excluded from the further analysis because one of its parameter estimates was non-significant (P>0.05). The model M4 was also excluded from further analysis because it demonstrated poor fit statistics. Out of two remaining models M1 demonstrated higher R 2 adj . and lower RMSE than M5. However, the difference between these two models in fit statistics is very small. It is not a good decision to select a best model in such a case by considering only the value of R 2 adj.
and RMSE. Therefore, graphical analysis of residuals was also carried out. Since a residual may be viewed as the deviation between the data and fit, it is a measure of the variability not explained by the regression model. The residuals are the realized or observed values of the errors. Thus any departures from the underlying assumptions on the errors should show up in the residuals. Analysis of the residuals is an effective method for investigating several types of model deficiencies (Jayaraman 2000) . The distribution of residuals was analyzed through the histogram to decide either the distribution is normal or abnormal. In both of the models (M1 and M5), the histograms are approximately normal. But, clear differences between these two models could not be observed (Fig 2) . The visual examination and comparison of normal probability plot curves for model M1 showed more cluster of residuals points towards the line of equal distribution than M5 (Fig 3) . Though some distinguishable differences were observed through normal probability plot curves, analysis of residuals through scatter plots was also carried out to draw a concrete conclusion (Fig 4) . The scatter plot of residuals versus the corresponding fitted value is useful for detecting several common types of model inadequacies. The random distribution of the residuals against the predicted values with narrow horizontal band was observed in model M1 than that of model M5. Comparatively, the model M1 showed the homogeneous distribution of residuals against the predicted value than model M5 (Fig 4) in P. roxburghii. . The data for this study were collected from small area (from only two community forest areas of one VDC of Myagdi district), therefore, the results might not represent for outside the range of study area. Further researches are needed including large areas which might be applicable for the future also. Table 3 . Model parameter estimates and fit statistics *significant (P<0.05) 
